ere are four aspects to the problem of aviation fuel han-
diing where filtration plays a key role in quality. These
are:
At the refinery.
Through the pipeline.
Tanks at the terminal.

Truck fransportation (across the road or tarmac and into
the plane for airport refuelling).

Before fuel enters the turbine engine, it must be both clean
and dry. While it is obvious that poor quality fuel can lead to
catastrophic accidents in both commercial and military aircraft,
fuel quality is also important in industrial applications, where
aeroderivative units are used to generate power, or as a prime
mover. In all cases, liquid fuel standards and specifications are
extremely important to understand and implement. Engineers
involved with ensuring jet fuel quality should be extremely
familiar with these requirements and all those published by the
supported organisations.

In light of this, one must be aware of specific fuel test meth-
ods for both civilian and military aircraft. These product speci-
fications cover the key fuel contaminants, which are: particu-
lates, water, surfactants and microbial growth. This article
focuses on particulate removal.

Fluid/particle separation takes place not only at the refin-
ery and pipeline, but also at the terminal tank farm, the fuelling
system, and on the trucks or skids that lift the fuel into the air-
craft. Filter selection and filter design can be at the submicron
level (nominal) or 2 p (absolute). Furthermore, there are addi-
tional fuel filters on the aircraft itself. Just as important as par-
ticulate removal, engineers must also address the design of
water removal systems and coalescers (hay packs), selection
of prefilters and absorbers. The latter can be clay treaters,
swelling powders or absorbent fibres.

Where quality begins

Quality begins in the design of the fuel delivery system. A myr-
iad of filtration problems can occur when the wrong construc-
tion materials are used (copper pipe, galvanised components
or cadmium fittings are unacceptable). Proper pipe drainage is
essential to avoid low points where rust or scale can accumu-
late and lead to large-scale slugging of grit and particulates to
the filter. Also, proper drainage is critical to avoid the growth of
organisms in the fuel system. These microbes present them-
selves to the filters as small gelatinous particles that are flexi-
ble and difficult to remove, as they can squeeze through filter
pores, particularly under pressure. There is no end to system
design problems because; over time, fuel pipelines can be
shutdown, allowed to sit for two or three years, and then are
reactivated. At restart, there are major filtration considerations
to clean the system before it sends fuel into the airport's fuel

system. These kinds of problems are common at major hubs
or terminals. Most importantly, the filter must match the

requirements and formulatlen of the actual jet fuel (Tabl
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sensors and disrupt To alleviate constant change outs, the elements should have

instruments and a high dirt holding capacity. It is important to note that too much
process control. The pressure on gelatinous biological particles can force them

presence of water through filter pores.
; : - exacerbates micro- Under certain conditions, collected particles can be
&' = diameter of bridging particle | bial growth. released from the filter medium and pass downstream.
L S iametar of pore thibat L LIRS Certain jet fuels, Variations in flow rates and pressure surges are common
If d = 2", STABLE BRIDGES WiLL FORM for example, Jet Fuel causes of particle release. Even under ideal flow conditions, fil-
SRR NN 3 2 A, are more likely to ters can release particles if their medium structure is subject to
Figure 2. Classic bridging absorb water and pore enlargement. This is a typical occurrence in string wound
theory. hold it in suspension filters and low density felt bags whose pore sizes change in

response to increased pressure. For aviation fuel,
the best filters are designed with filier medium that
have fixed pore structures that are not affected by
variations in pressure and flow rate.

i ‘modifier U
- flash point ide cut k | Filter types
rosion and anti-icing | Being replace: .| The most commonly used filters in jet fuel filtration
SRR Naval : | can be classified as having either a non-fixed ran-
dom pore size medium or a fixed controlled pore
size medium. Non-fixed random pore size medium
filters such as felts, woven yarns, and packed fibre-

because of the basic glass contain pores of various dimensions that can enlarge as
FiL TER EFFICIEREY { fuel formulation and changes in flow rate and differential pressure occur. These
TR R | quantitative analysis. types of filters are subject to particle unloading, channelling,
Figure 3. Filter efficiency At high  altitudes, and media migration.
equation. water in fuel can form Fixed controlled pore size medium filters are constructed
ice in the fuel systems such that the pores are prevented from enlarging under pres-
and can reduce or sure and flow changes. Although these filters contain pores of
actually cut off the fuel supply to the engine. The fact that water varying sizes, their overall structure is controlled during manu-
also causes corrosion means that water removal is essential. facturing to ensure quantitative removal of particles larger than
Surfactants also are fuel contaminants. These are present a given size. With this type of filter, any particles released dur-
as part of the formulation or are introduced during refinery, ing impulse conditions should be smaller than those desig-
pipeline or trucking operations. Surfactants can inhibit filter nated by its removal rating.
operation by affecting the pores or by neutralising the effect of
water absorbents (activated alumina, non-woven absorbent Removal ratings
fibres/powders, atapulgus clay, bentonite, activated carbon, Various systems exist for rating filter removal efficiency. Two of
molecular sieves or natural zeolites). the most common are the nominal rating and the absolute rat-
¥ = _ ing systems. Unfortunately, each manufacturer is free to utilise
Filtration basics variations of the different testing procedures to assign the
Particulate removal from jet fuels is generally accomplished nominal or absolute ratings of their specific filters.
using cartridge filtration. As dirt and contaminents build up on A nominal filter rating is defined as a p value. This value is
the surface of the cartridge, the static pressure increases. At a based on a percentage of particles removed by weight, where
certain pressure drop across the filter, the cartridge should be the particles are a given size or greater. Common percentages
changed. The point where additional pressure on the filter no used by various manufacturers include 98, 95, and 90%. This
longer achieves any additional throughput is called the filler’ rating system bases results on gravimetric testing rather than
point. Filter selection involves choosing a cartridge that can act actual particle counting. Problems associated with the system
as a prefilter, as well as the final cartridge element, to achieve include a poorly defined test procedure, variation in removal
the required absolute p (removal) level. Generally, dissolved percentages with manufacturer, test data is not usually repro-
solids cannot be removed by filtration without some form of ducible, and larger downstream particles than the micron rat-
pretreatment. In jet fuel filters, final cartridges may be used to ing of the filter.
remove particulates down to the submicron level. An absolute filter rating is generally defined as the diame-
The basic mechanisms of filtration are inertial impaction, ter of the largest hard spherical particle that will pass through
diffusion interception and direct interception (Figure 1). Since the filter under specific test conditions. Several recognised
the density of a particle is typically closer to that of a liquid tests exist for establishing the absolute rating of a filtter and
rather than that of a gas, direct interception is the desired may vary with manufacturers. However, in all tests, the filters
mechanism for separating particles from liquids. are subjected to a particle challenge by pumping a known con-
By combining the direct interception mechanism with par- taminant through the filter and measuring upstream and down-
ticle bridging theory, it is possible to explain why filter media stream particle counts. Only fixed controlled pore size medium
with specific size pores or openings are able to capture parti- filters can have an absolute rating.
cles with smaller diameters than those of the pores. According
to classic bridging theory, a stable bridge will form over a pore Beta ratios
if two or more particles with diameters at least one half that of Beta ratios were originally developed for evaluating the perfor-
the pore diameter contact the opening at the same time. This mance of hydraulic and lubricating oil filters. Today, these
newly formed bridge contains even smaller pores that in turn ratios are very useful in measuring and predicting the perfor-
capture smaller particles (Figure 2). mance of absolute rated filters under specific test conditions,
As particles are captured from jet fuel pressure builds up in a variety of liquids (Figure 3). Beta ratios are particularly
across the filter. Pressure is an indication of dirt accumulation. important in large volume filtration operations such as those
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handling et fuels at major airpors.

The beta ralic concepl Involves measuring total particie
counts Bl several different W levels in bath e infiuent and
effiuent sireams, These counts pravide & prodile of 1he hiter ffi-
ciency at the diferent p levels and can be plotted as a beta
clrve for the gwven liter (Figure 4)

Filter selection

Many lactors must be taken into consideration when choosing
the filtration system lor aviaton fuels. These iInclude chemical
and lemperature compatitiity. fiow rate. acceptable pressure
drop, degree of fitration, and overali lilration cosl. Depending
upon the size of the airport and the amount of fuel being han-
died. engineers may select a high capacity carindge filler
(HCCF) watn large dint holding capacity. These are nomally
made ol polyesier, libregiass or cellulose.

Tnese HCCF catndges generally uilise a staged plealed
filker tal is highly aficient ang high capaciy (HE/HC). These
maximise din holdng capacly in order (0 ensure maximum
time between change out (MTBC). The fillration ooeration in
jet fue! can be hazardous, s0 producers iry o keep the units
online as long as possidle This is particulady nue in large
poelines and m cases where toxic additives are used. The

Figure 5. Highly efficient, high capacity filter showing flow pattern,

HEMC cariridges leature segregated fiow channels and flow
chambers io oplimise the alipha factor (A) (a key factor in
getermining tota! cost of filtrabion operabong). Maogmwem dn
hoiding capacity & obtained by combining this design with the
techinique of pleabng several different filter media together na
pack. This design permils the use of many different ypes of fil-
ter meda, vhich 15 essential lor a vade range of fivid and tem-
perature applicalions. A cross sectional wev: delalls the basc
design and fiow paths ol an HEMHC fifter (Figure 5). Thes
unigue oesign works with either an ‘oulsioe in’' of an nside oul
fioww path and is not kmited to three rows of media.

As mentioned previously, matenal selechon Is very impor-
tant in jet fuel fitration. Since fuels vary in compaosition, it is not
ahlvays possible o designate a filler medium that 1s suilable for
every pumose. Other complications can anse from the addi-
tives used in the fuel Generally. cellulose andior fibreglass is
acceplable. However, operaling lemperature and the pres
ence of cerain surfactants in the fuel can alfect filler choices,

The gize of ilter housings and pumps is Lsually diclated by
the desired fiow: rate. pressure drop limitations, and the
required level of filration. The recommended flow capacity of
a filter slement 15 used 1o delermine the tolal number of ele-
ments required for the desired flow rate. Housing size relates
directly 1o the number of filler elements. Sufficient pump pros-
sure mus! be provided to ensure the desired liow rate through
the filter element as it clogs. so as fo lully use the effective dirt
hofding capacity of the filter.

Filtration costs

It i5nol Unusial for operalons to underestimale the true cosl of
a filtration operation, Total fllration costs mus! include both
capital cost and daily operating costs. |ndeed, most engineers
understand capidal costs, but the cost of operations and main-
tenance af the fillration gystem is often underestimated. This
includes cost of labour, installing and removing the element,
and the actual costs of disposing of the element. In cases that
require special breathing apparatus and protective clathing
the: Intal cost of the fitration operation can be guite high. The
cost of the Tilter element may be nominal compared 10 com-
panion costs. It therefore becomes oowious that extending the
MTHC is desirable,

Filtretion cost efficiency (E) 1s defined as the lolal costs,
direct and indirect, thal are associated with removing 1 b of
solids from a process stream. Direct cost is ffter prce and indi-
fect cosls include labour and disposal A lower otal cost
resulls in a befier efficiency rating. I we dsregard equipment
depraciabion, we can express this relafionship by the falloving
“.#E'

Jet fuel fitration s both a batch and a2 continuous operation

depending upon where the fiter s located in the fuel distnbu-

tion system. Conseguently, one must recognise that the actual

din holding capacity in pounds {H), can dramatcaily influence

the true cost of the fitrafion operation. However, by knowing

dirt loading, the filter 15 sized accordingly. One also maiches the
fHer nousing o the Now reguie-
ments;

Filter price and din hoiding
capacity are the dominant compo-
nents in operating £os!, The relation-
ship between these two ilems is
defined by the folicwang rule and s
the alpha facior (A).

Caombning the alpha faclor for-
mula with the filtration cost efficiency
farmula prowides an intaresting
result

The indirect costs shown in the

equation are reduced as the dirt

B
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hotding capacily o the liller ingcreases.
Therefore, the alpha faclor becomes the domi-
nant number in the equation, The lowes! aloha
tactor results in the lowest fillration cost

Maximising filter life

Filter lile is directly related to a filter's dirt holding capacity.
It can be delined as the 1otal volume of fluid thatl passes
through a liller betore reaching the maximum operating dif-
lerential pressure,

Under a constam fiow rate, the life of mosl absolute
rated fillers ts signilicantly increased when their effective
surface areas are increased. This property of lilter life = a
direct result of the redationship between fiow density (ga-
ons per minule per square foot) and the resulling differen-
fial pressure across the filter area.

Under ideal conditions the maximum increase In filler
life 5 equal 1o the square of the increase in effective sur-
lace area Doubling the eflective filter sudace area can
Increase liller lite up 1o four times.

An easy way 10 increase fiter lile using an existing
housing is 1o replace depth filters with HE/HC pleated fil-
ters. In the loliowing diagrams, the surface area of the
cyvlindrical depth efement i much less than that of the
sleated clement

in large je! fue! operalions, engineers should obviously
consider the savings associated with filter housing costs
idany plants design their liltration systems based on a max-
mum flow rate, I a 2.5 in. OD or 3.75 In. QD carridge is
uged in the base llow rate calculations, a larger vessel vwill
Ce required 1o meet the maximum flow requirements, Using
an HOCF design will mmimise the filter vessel size (and
costs) required for specific flow rates. The design can also
resuit in-significant cost reductions when high pressure fil-
ter vessels are required A typical filler system is shown in
Figure 8.

Fuel handling and filtration

The Improper operation and maintenance of a je! fuel deliv-
ery system places additional burdens on the separation
angd filter components of the unit. For exampls. al many an-
poris, daylime to nigint time temperatures can change by as
muciras 40 F In the process. water can condense inlo pip-
ing. nozzies or bypass components. Consequently. in-the
moming, belore fuel is sent to aircralt. a cernain amount of
fue! must be recirculated back into the storage tank to alle-
viate valter being sent into the plane, Alao. il delivery piping
has not been operated for a while, particulates may lodge
in the bypass valve of a pump and can move their way
tnrowgh the pipe, causing contamenabon. This action places
adamional requirements on Ine final filtration step, the one
just onor 10 fue! entenng the aircrafl.

Filter elements can also be damaged during shipping
andfor mstallation, especially when improper installation
procedures are followed, Pooriy trained personnel can
damage a lller, ahsorber or coalescer simply by beng
gareless in removing it Irom ils shipping box

Filters are changed oul when the differential pressure
oetveen indet and outlet reaches the manufaciures recom-
mendation, approximately 35 pounds per square inch (psi}.
Obviously, ublising an HEMC carridge enhances overall
economics ted to MTBC. However in standard paper or
siring wourd carndges. pressure surges can actually rup-
ture & filter element, System préssure can aiso atfec! the
vessel closure seal. Consequently, bolled closures should
utilise & lorque wrench to ensure the closure can withstand
the internal filter system pressure. Mantnly mantenance

ILTER LIFE INCREASE = to =( s )

N Le = Extandad Fifer Lin

Lav = Urragismal Fabirr Lite

Le Ae

A = Expaimided FHlsr Ao
| Ane Crigina! Filiee Arvs
| IlsN=2

procedures: should
include  retesting
and reselling of the
bolt closure wsing a
targue wrench,

While pressure
testing and boll
torguing may
appear obvious 1o
assure a filter is
operaling progerly,
other facets of fuel
gyslem guality con-
trol are nol so obvi-
ous, bul gan affect
the quality of the jel
fuei. One of the
most overiooked
concerns is cleanfiness of the tanker lieet. Jel luel lankers
should not be used lo fransport other liguid petroleum
producls, Fuel handiers should also perform daily preven-
tative maintenance sump checks on any sump lhat has the
potential to build-up pariculates. Flustvng ang cleaning
each sump can ameligrale MTBC.

Figure 8. Skid mounted jet
fuel filter, 36 in. diameter.

Additives and filters

Cenain pipeline addifives/surlactants are used as fiow
enhancers for petroleum products and can be removed in
the jel fuel filtration system, Stalic dissipaters (surfaciants
essential o the fuel formula) are often removed by clay fil-
lers and certain absorbers. Consequently. static depres-
50rs are usualy added in upstream pipefine locations 0
assurg they remain in the jet fuel as  is 'oadeo into the a:r-
craft. Excess amounis of anb iging addilives in the fuel sys-
tem can aftect the fiiration system. especially the coa-
lescer, Their use. or omission, can aflect water absorption,
similar to the way corrosion inkibitore can influence partic-
ulale removal

Conclusion

In eonclusion, |et fuel deserves close atlention 1o ensure

overall economical operation and 10 maximise an opera-

tor's relurn on investment (RO

® A filler glement’s a'pha faclor is easy 1o calculate. The
lowes! aipha factor results in the lowest filtration cost.

® An increases o oeffective surlace area will resull in a
significant increase in filter lile,

® Bela ratios prowde a prolile of a fiter's efficency at
dierent | levels.

® Filter glements used in jel fuel sysiems shoud be selected
based on media thal contain fixed controfled pore sizes.

® Total firation operating cos! mus! include equipment
depreciation, fter elemant cost. abour cost and element
disposal cos!
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